The fertilization of the egg and secondary nuclei brings about many important changes in the ovule which transforms itself into a seed. During such metamorpho sis, the zygote (fertilized egg cell) develops into an embryonic sporophyte, the endosperm nucleus (the fertilized secondary nucleus) undergoes several divisions and forms an endosperm and the integuments of the ovule transform themselves into seed coats. These morphological changes seem to be the results of biochemical changes in the tissues, that invariably accompany the development of these struc tures. Hence the present investigation on the localization of macromolecular sub stances, namely nucleic acids, polysaccharides and proteins during the seed devel opment of Dipcadi montanum and attempt to correlate the observed variations in the cytochemical substances to the morphological changes accompanying the seed development. Table  1 .
Observations
The zygote divides transversely and produces a dyad proembryo with a terminal cell (ca) and a basal cell (cb). Both the cells of the dyad generally divide trans versely resulting in a tetrad. Further development of the embryo conforms with the Chenopodiad type of Johansen's system (1950) of classification as the deriva tives of both ca and cb seem to contribute to the development of embryo proper. The first division of the endosperm nucleus is prior to that of the zygote. This is followed by the immediate cytokinesis which results in a small chalazal chamber 1 Part of a thesis submitted by J. S. for the Ph. D Degree in Botany, Karnatak University, Dharwar, India.
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and a large micropylar chamber. Further development of the endosperm concurs with that of the helobial pattern. The cellularization of the endosperm begins at the micropylar end when the globular embryo begins to show the signs of elongation. Till then the enlarged antipodal cells persist in the embryo sac. The integuments develop into a black seed coat. The PAS-positive cytoplasm is confined to the area around the nucleus pro ximal to the tip of the zygote cell (Figs. 1, 2) . The nucleus in the zygote cell is stained by azur A (Fig. 1) . The daughter cells of the zygote have equally low PAS-positive cytoplasm (Fig. 3) . The persistent remnants of the filiform apparatus are densely PAS-positive (Figs. 3, 7) . The cytoplasm in the derivatives of cb is less PAS-positive than that in the derivatives of ca in quadrant (Fig. 5) and octant ( Fig. 7) proembryo stages. Starch grains are frequently observed in the cells of the suspensor which are derived from cb (Figs. 5, 10) . The cytoplasmic RNA is at low level in the zygote cell and in the cells of young proembryo upto quadrant stage. At octant stage (Fig. 8 ) all the cells derived from ca and some cells derived from cb which are destined to contribute to the embryo proper have rich cytoplasmic RNA while the other cells derived from cb which are destined to form the suspensor have low level of the substance. The zygote cell has rich cytoplasmic proteins. The cells of the embryo proper, contributed from both ca and cb, also have rich cytoplasmic proteins (Fig. 6 ). Densely protein-positive substance is often present in the suspensor of the young proembryo (Fig. 9) . The nuclei in the cells of pro embryo are of nearly the same size and are equally azur A-positive indicating the uniform distribution of DNA in them.
The suspensor cells in the globular embryo contain some starch grains while
Figs. 1-9. Photomicrographs of seed sections at micropylar end. I and 2, azur A-periodic acid Schiff s (azur A-PAS) test for DNA and total insoluble polysaccharides.
The zygote cell has an enlarged nucleus near its tip. The cytoplasm surrounding the zygote nucleus is PAS-positive. The same polysaccharide concentration is retained in the cytoplasm of the dividing zygote cell in Fig. 2 . 3, zaur A-PAS test. Two-celled proembryo with low cytoplasmic polysaccharides in both ca and cb. The nuclei in them are larger than those in the somatic cells of the ovule. The remnants of the filiform apparatus are densely PAS-positive.
4, azur A-PAS test. Four-celled (tetrad) proembryo showing low PAS-positive cytoplasm in the derivatives of ca. 5, azur A-PAS test. Q uadrant embryo with low PAS-positive cytoplasm in the derivatives of ca. Some derivatives of cb forming the suspensor have starch grains. 6, mercuric bromophenol blue (MBB) test for pro teins. The suspensor of the young proembryo has less proteins than the embryo proper which has rich concentration of it. The cytoplasm of the endosperm, bordering the embryo sac internally, has rich proteins.
The nucleoli are intensely stained for proteins. 7, azur A-PAS test. The suspensor derived from cb has less PAS-positive cytoplasm than the remaining part of the octant proembryo.
8, azur B test for nucleic acids. The cytoplasm in the derivatives of ca has rich cytoplasmic RNA.
The cells of the suspensor have low RNA in the cytoplasm. 9, MBB test. The cytoplasm of the enlarged part of the embryo is rich in proteins.
The cells of the suspensor have densely protein positive substance in them. The nucleoli in the nuclei are intensely stained for proteins.
ca-terminal cell; cb-basal cell; En-endosperm; FA-filiform apparatus; PT pollen tube; Z-zygote. the remaining cells have merely PAS-positive cytoplasm (Fig. 10) . In young as well as old globular embryo stages, the cells of the embryo proper contain richer level of RNA (Fig. 11) and proteins ( Fig. 12 ) than the cells of the suspensor.
Figs. 10-18. Photomicrographs of sections at micropylar end of the seed. 10, azur A-PAS test. In the globular embryo, the cells of the embryo proper have PAS-positive cytoplasm while those of the suspensor have densely PAS-positive bodies.
11, methyl green pyronin G test for nucleic acids. The cells of the embryo proper have richer RNA level than those of suspensor.
12, MBB test. The embryo proper has richer proteins level than the suspensor.
13, azur B test. The cells or the embryo proper have richer level of RNA than the cells of the suspensor.
The endosperm has very less RNA.
14 and 15, azur B test. The RNA concentration in the endosperm and root (Fig. 14) and cotyledon (Fig. 15) is reduced to low level. 16 and 17, PAS test for insoluble polysaccharides.
The cells of the root and shoot regions have PAS-positive cytoplasm (Fig. 16 ). The cells of cotyledon (Fig. 17) and endosperm have PAS-positive grains. 18, MBB test. The cells of the embryonic axis and endosperm have rich cytoplasmic proteins.
C-cotylendon; En endosperm; R-root; S-suspensor.
At the time of differentiation of shoot and root regions the entire proembryo has uniformly PAS-positive cytoplasm. The embryo proper with its cotyledonary tip has richer level of RNA than the suspensor (Fig. 13) . The distribution of pro teins simulates that of RNA at this stage. With the further growth of the embryo, the concentration of RNA in the embryo proper reduces gradually and the root cap, root and cotyledon of the mature embryo have very low level of RNA (Figs.  14, 15 ). The cells of the embryonic axis near the shoot apex and the root have PAS-positive cytoplasm (Fig. 16 ) while the cells of the cotyledon have large number of PAS-positive starch grains (Fig. 17) . The mature embryo has rich cytoplasmic proteins in its cells distributed throughout its length (Fig. 18) . The nuclei in the cells of the mature embryo are very faintly stained by azur A. The PAS-positiveness of cytoplasm in these cells is at rich level. The cytoplasm of the chalazal chamber is PAS-positive.
20, azur B test. The cytoplasm bordering the chalazal chamber internally has rich level of RNA. 21 and 22, azur A-PAS test. Some cells of the endosperm i.e. of the chalazal chamber (CC) and of the micro pylar chamber (MC) adjacent to the former are multinucleate (Fig. 21) . Some nuclei are hyper trophied and they stain densely with azur A for DNA (Fig. 22) chalazal chamber is PAS-positive ( Fig. 19 ) and is rich in RNA (Fig. 20) and pro teins. The number of nuclei per unit area is relatively more in the cytoplasm of chalazal chamber than in that of the micropylar chamber. With the beginning of cellularization, at the globular embryo stage, the endosperm begins to lose its RNA content and it is reduced to very low level in the mature seed (Figs. 14, 15 ). In the meanwhile, starch grains accumulate (Figs. 16, 17, 23 ) and proteins increase to rich level in it (Fig. 18) . The cellularization of chalazal chamber is delayed and incom plete resulting in some coenocytic cells (Fig. 21) . The formation of densely azur A-positive hypertrophied giant nuclei in the cells of chalazal chamber (Figs. 21, 22 ) and in some cells of micropylar chamber adjacent to chalazal chamber is a common feature. The nuclei in the other cells of endosperm are very faintly stained by azur A in the mature seed. Antipodal cells: Among the three persistent antipodal cells, the largest one occupies the caecal region. These cells have richly PAS-positive cytoplasm (Fig.  19 ) and rich cytoplasmic RNA and proteins. The giant nuclei in these cells are densely azur A-positive (Fig. 19) , perhaps because of an increase in their DNA content. As the seed grows the cytoplasmic polysaccharides, RNA and proteins are gradually lost from these cells.
The hypostase connecting the funiculus to the caecal region of the embryo sac has small cells which are rich in RNA and proteins in the early stages of seed de velopment.
The cells of both the integuments gradually lose their contents during the course of seed development.
Discussion
The nucleus of the egg cell is not azur A-positive in D. montanum. After fertilization, the resultant zygote nucleus becomes azur A-positive indicating the stainability of DNA in the zygote nucleus which was lacking in that of the egg nucleus. Such a feature of the zygote nucleus has been reported in Stellaria media (Pritchard 1964) .
The localization of the nucleus and protein and polysaccharide rich cytoplasm at the terminal region of the zygote is perhaps suggestive of the zone of metabolic activity. However, the division of the zygote results in two unequal cells ca and cb. The latter seems to be less active than the former even though the derivatives of both the cells do contribute to the development of the embryo proper.
The single cotyledon developed from the derivatives of l tier is a massive struc ture storing proteins and starch. This organ grows to a length of nearly 8-10cm at the time of seed germination and perhaps the storage metabolites are then uti lised. The l' tier which is next to the terminal l tier contributes to the shoot apex and part of the cotyledon. The root differentiated from the derivatives of cb too possesses the PAS-positive cytoplasm which is rich in proteins too. The suspensor which is also differentiated from the derivatives of cb not only pushes the embryo proper into the endosperm cytoplasm but frequently stores carbohydrates and pro teins which are perhaps used by the developing embryo in due course. Thus , suspensor in D. montanum seems to be of some consequence in the nutrition of the embryo as in Stellaria media (Pritchard 1964) .
The nutritive role of the endosperm for the developing embryo is an established fact. Prior to cellularization RNA and protein rich endosperm cytoplasm surrounds the developing embryo. Thus it seems that the peripheral cells of the embryo are of some assistance in the absorption of nutriments directly from the cytoplasm of the endosperm.
In the young seeds, the cytoplasm of the chalazal chamber is rich in RNA, proteins and diffused polysaccharides. The number of nuclei in an unit area is also comparatively higher in the cytoplasm of chalazal chamber. This is sugges tive of a higher rate of physiological activity of the cytoplasm in this chamber. Its position in the embryo sac-in between the metabolically active antipodal cells at the chalazal end and the large micropylar chamber enclosing the actively growing proembryo at the micropylar end-suggests its role in translocation of the nutrients from the antipodals to the micropylar chamber. However, prior to the cellulari zation the cytoplasm of chalazal chamber loses the RNA in it. Subsequently, the nuclei in this chamber fuse among themselves to form the giant nuclei in many of the resulting cells. The densely azur A-positive reaction of these nuclei indicate the intensity of DNA in them but their hypertrophied and distorted appearance suggests their dehydrated condition and degenerating state. This may be because of the depression in the physiological activity of the chalazal chamber as the nutrient supply to the chalazal chamber from the parent sporophyte through the antipodal cells is slackened by this time.
The persistent presence of antipodal cells in the developing seed is an interesting feature. These enlarged cells possess a higher rate of metabolism as evidenced by the presence of rich cytoplasmic RNA and proteins. Such a higher rate of meta bolism is rightly governed by the large nuclei which are densely stained by azur A due to an increase in their DNA content. As such these gametophytic cells seem to be very active not only as passage cells for the nutrients from the hypostase into the chalazal chamber but also in the synthesis of essential requirements for the developing embryonic sporophyte and other parts of the seed. The seed coat becomes black in the mature seed.
